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IN THE SPECIFICATION : 

Please replace the paragraph beginning at page 1 1 , line 5, with the following rewritten 
paragraph: 

-The guard interval insertion unit 14 inserts a guard interval to the input signal. In the OFDM 
modulation scheme, as shown in FIG. 3, a transmission signal is generated by combining carriers 
1 through k as modulated waves modulated by using for example 64 QAM (quadrature 
amplitude modulation). The transmission symbol duration is comprised by the guard interval 
and an effective symbol duration. The guard interval is the signal duration provided for reducing 
the influence of multipath interference (ghost) and is obtained by cycling and repeating part of a 
signal waveform of the effective symbol duration. -- 

IN THE CLAIMS : 

Please cancel claim 1-9 and add claims 10-18 as follows: 

--10. A transmitting apparatus for OFDM (orthogonal frequency division multiplexing) 
modulating and transmitting predetermined information, said transmitting apparatus 
characterized by including 

a first generating means for inputting a first window signal serving as a reference 
and for generating a clock signal and a second window signal in accordance with the first 
window signal, 

a modulating means for modulating an OFDM signal in accordance with the 
information by using the clock signal and the second window signal, 

a second generating means for generating a predetermined RF (radio frequency) 
signal in accordance with the second window signal, and 
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a frequency conversion means for converting frequencies of the OFDM signal 
based on the RF signal so that a carrier interval between adjacent channel becomes a whole 
multiple of the interval between carriers adjacent to each other within a channel. 

11. A transmission method for OFDM modulating and transmitting predetermined 
information, said transmission method characterized by including 

an input step of inputting a first window signal serving as a reference, 

a first generation step of generating a clock signal and a second window signal in 
accordance with the first window signal input at the input step, 

a modulation step of modulating an OFDM signal in accordance with the 
information by using the clock signal and the second window signal, 

a second generation step of generating a predetermined RF (radio frequency) 
signal in accordance with the second window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channel becomes a whole multiple of 
the interval between carriers adjacent to each other within a channel. 

12. A provision medium characterized in that it provides, to a transmitting apparatus 
for OFDM modulating and transmitting predetermined information, a computer readable 
program for making it run processing including 

an input step of inputting a first window signal serving as a reference, 

a first generation step of generating a clock signal and a second window signal in 

accordance with the first window signal input at the input step, 

a modulation step of modulating an OFDM signal in accordance with the 

information by using the clock signal and the second window signal, 
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a second generation step of generating a predetermined RF (radio frequency) 
signal in accordance with the second window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channel becomes a whole multiple of 
the interval between adjacent carriers within a channel. 

13. A transmitting apparatus for OFDM modulating and transmitting predetermined 
information, said transmitting apparatus characterized by including 

a first generating means for demodulating an OFDM signal serving as a reference 
and for generating a window signal and a clock signal, 

a modulating means for modulating an OFDM signal in accordance with the 
information by using the window signal and the clock signal generated by the first generating 
means, 

a second generating means for generating a predetermined RF (radio frequency) 
signal in accordance with the window signal, and 

a frequency conversion means for converting frequencies of the OFDM signal 
based on the RF signal so that a carrier interval between adjacent channels becomes a whole 
multiple of the interval between carriers adjacent to each other within a channel. 

14. A transmission method for OFDM modulating and transmitting predetermined 
information, said transmission method characterized by including 

an input step of inputting an OFDM signal serving as a reference, 
a first generation step of demodulating the OFDM signal input in the input step 
and generating a window signal and a clock signal, 
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a modulation step of modulating an OFDM signal in accordance with the 
information by using the window signal and the clock signal, 

a second generation step of generating a predetermined RF (radio frequency) 
signal in accordance with the window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channels becomes a whole multiple 
of the interval between carriers adjacent to each other within a channel. 

15. A provision medium characterized in that it provides, to a transmitting apparatus 
for OFDM modulating and transmitting predetermined information, a computer readable 
program for making it run processing including 

an input step of inputting an OFDM signal serving as a reference, 

a first generation step of demodulating the OFDM signal input in the input step 
and generating a window signal and a clock signal, 

a modulation step of modulating an OFDM signal in accordance with the 
information by using the window signal and the clock signal, 

a second generation step of generating a predetermined RF (radio frequency) 
signal in accordance with the window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channels becomes a whole multiple 
of the interval between carriers adjacent to each other within a channel. 

16. A transmitting apparatus for OFDM modulating and transmitting predetermined 
information, said transmitting apparatus characterized by including 

\ 
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a modulating means for inputting a window signal and a clock signal serving as a 
reference and modulating an OFDM signal in accordance with the information by using the 
window signal and the clock signal, 

a generating means for generating a predetermined RF (radio frequency) signal in 
accordance with the window signal, and 

a frequency conversion means for converting frequencies of the OFDM signal 
based on the RF signal so that a carrier interval between adjacent channels becomes a whole 
multiple of the interval between carriers adjacent to each other within a channel. 

17. A transmission method for OFDM modulating and transmitting predetermined 
information, said transmission method characterized by including 

an input step of inputting a window signal and a clock signal serving as a 

reference, 

a modulation step of modulating an OFDM signal in accordance with the 
information by using the window signal and the clock signal input at the input step, and 

a generation step of generating a predetermined RP (radio frequency) signal in 
accordance with the window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channels becomes a whole multiple 
of the interval between carriers adjacent to each other within a channel. 

18. A provision medium characterized in that it provides, to a transmitting apparatus 
for OFDM modulating and transmitting predetermined information, a computer readable 
program for making it run processing including 
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an input step of inputting a window signal and a clock signal serving as a 
reference, ^ 

a modulation step of modulating an OFDM signal in accordance with the 
information by using the window signal and the clock signal input at the input step, 

a generation step of generating a predetermined RF (radio frequency) signal in 
accordance with the window signal, and 

a frequency conversion step of converting frequencies of the OFDM signal based 
on the RF signal so that a carrier interval between adjacent channels becomes a whole multiple 
of the interval between carriers adjacent to each other within a channel.-- 
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REMARKS 



The specification has been amended. Changes to the specification are indicated in 
the attached paper entitled "Version with Markings to Show Changes Made." Claims 1-9 
have been cancelled. Claims 10-18 have been added to the application. All of these 
amendments reflect the amendments to the International Application made under PCT Article 
34. The filing fee has been calculated based upon these new claims. 

In the accompanying Request for Approval of Drawing Changes, Figure 8 has 
been amended to add "OFDM SIGNAL" to block 4. 



Respectfully submitted, 



FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicant 




William S. Frdmmei 
Reg. No. 25,506 
Tel. (212) 588-0800 
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Patent 

450118-02400 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the Specification: 

Paragraph beginning at line 5 of page 1 1 has been amended as follows: 

The guard interval insertion unit 14 inserts a guard interval to the input signal. In the OFDM 
modulation scheme, as shown in FIG. 3, a transmission signal is generated by combining carriers 
1 through k as modulated waves modulated by using for example 64 QAM (quadrature amplitude 
modulation). The transmission symbol duration is comprised by the guard interval and an 
effective symbol duration. The guard interval [of k] is the signal duration provided for reducing 
the influence of multipath interference (ghost) and is obtained by cycling and repeating part of a 
signal waveform of the effective symbol duration. 
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PATENT 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s) : Ikeda, etal. 

IntT Appln. No. : PCT/JP00/01483 
IntT Filing Date : March 1 0, 2000 

For : TRANSMITTING APPARATUS AND METHOD 

AND PROVISION MEDIUM 

745 Fifth Avenue 
New York, NY 10151 

EXPRESS MAIL 

Mailing Label Number: EL819056051US 

Date of Deposit September,^2001 
I J" 

I hereby certify that this paper or fee is being deposited with the 
United States Postal Service "Express Mail Post Office to 
Addressee" Service under 37 CFR 1.10 on the date indicated 
above and is addressed to the Assistant Commissioner for Patents 
Washington, DC 20231. 



(Typed or printed name of person moling paper or fee) 



(Signature of person<j^ii^^>aper or fee) 

REQUEST FOR APPROVAL OF DRAWING CHANGES 

Sir: 

Approval of the following drawing change, which is indicated in red ink on the enclosed 
photocopy, is respectfully requested: 

In Fig. 8, please add the following legends to the noted block: 
Fig. 8, --OFDM SIGNAL - is added as the input to block 4. 
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Formal drawings incorporating these changes will be submitted following receipt of the 
Notice of Allowance. 



Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 




/ William S. Frommer 
Reg. No. 25,506 
(212) 588-0800 
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DESCRIPTION 



TRANSMITTING APPARATUS AND METHOD AND PROVISION MEDIUM 

5 

TECHNICAL FIELD 

The present invention relates to a transmitting 
ifs apparatus and method and a provision medium for the same, 

1:5 ■ 

|p more particularly relates to a transmitting apparatus and 

y 10 method for transmitting a signal which can correctly 

r detect a desired signal even without providing a guard 

p 

H- band usually provided for preventing interference from an 

Pij 

\l adjacent signal and a provision medium for the same. 

I ■: 

p J BACKGROUND ART 

15 The OFDM (orthogonal frequency division 

multiplexing) transmission system has tolerance against 
multipath interference, so is known as a transmission 
system suitable for digital transmission using 
terrestrial waves. The OFDM transmission system is being 

20 employed as a provisional system by the Japanese 

Telecommunications Technology Council for its digital 
terrestrial television broadcast system (hereinafter 
referred to as the "wideband ISDB-T" system) and digital 
terrestrial radio system (hereinafter referred to as the 

25 "narrowband ISDB-T system") . 
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At the start of digital broadcasts , it can be 
considered that there will be a duration of coexistence 
with the analog broadcasts already in service. Also, it 
is proposed to abolish analog broadcasts after the shift 
5 to digital broadcasts has sufficiently advanced. For the 
duration of coexistence of analog broadcasts and digital 
broadcasts, it is necessary to give sufficient 
consideration so that the digital broadcasts do not 
interfere with the already existing analog broadcasts . In 

10 the wideband ISDB-T system comprised by 13 segments , as 
shown in FIG. 1, one segment's bandwidth (about 429 kHz) 
is provided as a guard band to separate upper and lower 
adjacent channels (so that there is no interference from 
an adjacent channel) . 

15 FIG. 1 shows a case where such consideration is 

given by providing a guard band between each two adjacent 
channels among a channel 1 (chl) having a center 
frequency f 1 , ch2 having a center frequency f 2 , and ch3 
having a center frequency f 3 . 

20 However, the provision of guard bands as mentioned 

above means a reduction of the efficiency of use of the 
frequency, so is not preferred from the viewpoint of 
effective utilization of the frequency. Also, when the 
analog broadcasts are abolished and digital broadcasts 

25 are shifted to, it is desired that there be no 
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interference between adjacent digital signals even if no 
guard bands are provided. 

DISCLOSURE OF THE INVENTION 

The present invention was made in consideration with 
5 such a circumstance and has as an object thereof to 

enable a desired signal to be obtained without receiving 
interference from an adjacent signal even without 
providing a guard band. 

A transmitting apparatus disclosed in claim 1 is 

10 characterized by including an inputting means for 

inputting a first window signal serving as a reference, a 
first generating means for generating a first clock and a 
second window signal from the first window signal input 
by the inputting means, a modulating means for modulating 

15 an OFDM signal in accordance with the information by 

using the first clock and the second window signal, and a 
second generating means for generating, from the second 
window signal, a second clock for controlling a 
transmission interval of OFDM signals so that a carrier 

20 interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

A transmission method disclosed in claim 2 is 
characterized by including an input step of inputting a 

2 5 first window signal serving as a reference, a first 
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generation step of generating a first clock and a second 
window signal from the first window signal input at the 
input step, a modulation step of modulating an OFDM 
signal in accordance with information by using the first 
5 clock and the second window signal, and a second 

generation step of generating, from the second window 
signal , a second clock for controlling a transmission 
interval of OFDM signals so that a carrier interval 
between one OFDM signal and an adjacent OFDM signal 

10 becomes a whole multiple of the interval of carriers 
adjacent to each other in the OFDM signal. 

A provision medium disclosed in claim 3 is 
characterized in that it provides, to a transmitting 
apparatus, a computer readable program for making it run 

15 processing including an input step of inputting a first 
window signal serving as a reference, a first generation 
step of generating a first clock and a second window 
signal from the first window signal input at the input 
step, a modulation step of modulating an OFDM signal in 

20 accordance with information by using the first clock and 
the second window signal , and a second generation step of 
generating, from the second window signal, a second clock 
for controlling a transmission interval of OFDM signals 
so that a carrier interval between one OFDM signal and an 

25 adjacent OFDM signal becomes a whole multiple of the 



interval of carriers adjacent to each other in the OFDM 
signal . 

A transmitting apparatus disclosed in claim 4 is 
characterized by including an inputting means for 
inputting an OFDM signal serving as the reference, a 
first generating means for generating a window signal and 
a first clock by demodulating the OFDM signal input by 
the inputting means , a modulating means for modulating an 
OFDM signal in accordance with information by using the 
window signal and first clock generated by the first 
generating means, and a second generating means for 
generating, from the window signal generated by the first 
generating means , a second clock for controlling a 
transmission interval of OFDM signals generated by the 
modulating means so that a carrier interval between one 
OFDM signal and an adjacent OFDM signal becomes a whole 
multiple of the interval of carriers adjacent to each 
other in the OFDM signal . 

A transmission method disclosed in claim 5 is 
characterized by including an input step of inputting an 
OFDM signal serving as a reference, a first generation 
step of generating a window signal and a first clock by 
demodulating the OFDM signal input at the input step, a 
modulation step of modulating an OFDM signal in 
accordance with information by using the window signal 
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and first clock generated at the first generation step, 
and a second generation step of generating, from the 
window signal generated at the first generation step, a 
second clock for controlling a transmission interval of 
5 OFDM signals generated at the modulation step so that a 
carrier interval between one OFDM signal and an adjacent 
OFDM signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 
A provision medium disclosed in claim 6 is 

10 characterized in that it provides, to a transmitting 

apparatus, a computer readable program for making it run 
processing including an input step of inputting an OFDM 
signal serving as a reference, a first generation step of 
generating a window signal and a first clock by 

15 demodulating the OFDM signal input at the input step, a 
modulation step of modulating an OFDM signal in 
accordance with information by using the window signal 
and first clock generated at the first generation step, 
and a second generation step of generating, from the 

20 window signal generated at the first generation step, a 
second clock for controlling a transmission interval of 
OFDM signals generated at the modulation step so that a 
carrier interval between one OFDM signal and an adjacent 
OFDM signal becomes a whole multiple of the interval of 

25 carriers adjacent to each other in the OFDM signal. 



A transmitting apparatus disclosed in claim 7 is 
characterized by including an inputting means for 
inputting a window signal and a first clock serving as a 
reference, a modulating means for modulating an OFDM 
signal in accordance with information by using the window 
signal and first clock input by the inputting means, and 
a generating means for generating, from the window signal 
input by the inputting means , a second clock for 
controlling a transmission interval of OFDM signals 
generated by the modulating means so that a carrier 
interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

A transmission method disclosed in claim 8 is 
characterized by including an input step of inputting a 
window signal and first clock serving as a reference, a 
modulation step of modulating an OFDM signal in 
accordance with information by using the window signal 
and first clock input at the input step, and a generation 
step of generating, from the window signal input at the 
input step, a second clock for controlling a transmission 
interval of OFDM signals generated by the modulating 
means so that a carrier interval between one OFDM signal 
and an adjacent OFDM signal becomes a whole multiple of 
the interval of carriers adjacent to each other in the 



- 8 - 



OFDM signal . 

A provision medium disclosed in claim 9 is 
characterized in that it provides, to a transmitting 
apparatus , a computer readable program for making it run 
5 processing including an input step of inputting a window 
signal and first clock serving as a reference, a 
modulation step of modulating an OFDM signal in 
accordance with information by using the window signal 
and first clock input at the input step, and a generation 

10 step of generating, from the window signal input at the 

input step, a second clock for controlling a transmission 
interval of OFDM signals generated by the modulating 
means so that a carrier interval between one OFDM signal 
and an adjacent OFDM signal becomes a whole multiple of 

15 the interval of carriers adjacent to each other in the 
OFDM signal . 

In the transmitting apparatus disclosed in claim 1 , 
transmission method disclosed in claim 2, and the 
provision medium disclosed in claim 3, the first clock 

20 and the second window signal are generated from the input 
first window signal , an OFDM signal is modulated in 
accordance with information by using the first clock and 
the second window signal, and the second clock for 
controlling the transmission interval of OFDM signals so 

25 that the carrier interval between one OFDM signal and an 
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adjacent OFDM signal becomes a whole multiple of the 
interval of the carriers adjacent to each other in the 
OFDM signal is generated from the second window signal. 

In the transmitting apparatus disclosed in claim 4 , 
5 transmission method disclosed in claim 5, and the 

provision medium disclosed in claim 6 , the window signal 
and the first clock are generated by demodulating the 
input OFDM signal , an OFDM signal is modulated in 
accordance with information by using the generated window 

10 signal and first clock , and the second clock for 

controlling the transmission interval of OFDM signals so 
that the carrier interval between one OFDM signal and an 
adjacent OFDM signal becomes a whole multiple of the 
interval of the carriers adjacent to each other in the 

15 OFDM signal is generated from the generated window 
signal . 

In the transmitting apparatus disclosed in claim 7 , 
transmission method disclosed in claim 8 , and the 
provision medium disclosed in claim 9, an OFDM signal is 

20 modulated in accordance with information by using the 

input window signal and first clock, and a second clock 
for controlling the transmission interval of OFDM signals 
so that the carrier interval between one OFDM signal and 
an adjacent OFDM signal becomes a whole multiple of the 

25 interval of the carriers adjacent to each other in the 
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OFDM signal is generated from the input window signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view explaining a guard band. 

FIG. 2 is a block diagram of the configuration of an 
embodiment of a transmitter to which the present 
invention is applied. 

FIG. 3 is a view explaining a guard interval. 

FIGS . 4A to 4D are views explaining a window phase . 

FIGS . 5A to 5D are views explaining a window phase . 

FIGS . 6A and 6B are views explaining a filter . 

FIG. 7 is a view explaining conditions 1 through 4. 

FIG. 8 is a block diagram of another configuration 
of the transmitter 1 . 

FIG. 9 is a block diagram of still another 
configuration of the transmitter 1 . 

BEST MODE FOR WORKING THE INVENTION 

FIG. 2 is a block diagram of an embodiment of a 
transmitter to which the present invention is applied. A 
series of information input to an OFDM modulation circuit 
2 of a transmitter 1 is corrected for error and encoded 
by an error correcting and encoding unit 11 and output to 
a frame adaptation unit 12 . The frame adaptation unit 12 
builds frames each comprised of synchronization use 
symbols , service identification use symbols , and 
information transmission use symbols . The signal formed 
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into frames is input to an IFFT (inverse fast Fourier 
transform) unit 13 where it is subjected to an inverse 
Fourier transform (OFDM modulated) and then output to a 
guard interval insertion unit 14 . 

The guard interval insertion unit 14 inserts a guard 
interval to the input signal. In the OFDM modulation 
scheme, as shown in FIG. 3, a transmission signal is 
generated by combining carriers 1 through k as modulated 
waves modulated by using for example 64 QAM (quadrature 
amplitude modulation) . The transmission symbol duration 
is comprised by the guard interval and an effective 
symbol duration. The guard interval of k is the signal 
duration provided for reducing the influence of multi- 
path interference (ghost) and is obtained by cycling and 
repeating part of a signal waveform of the effective 
symbol duration . 

The signal inserted with the guard interval by the 
guard interval insertion unit 14 is input to an 
quadrature modulation unit 15 where it is orthogonally 
modulated and then output to a frequency conversion 
circuit 3 . The frequency conversion circuit 3 converts 
the input signal to the frequency for transmission and 
transmits the same from a not illustrated antenna. 

A PLL (phase locked loop) circuit 4 generates a 
window signal and clock. A phase comparison unit 21 
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receives as input a window signal serving as a reference 
and a window signal output from a frequency division 
circuit 22 . The phase comparison unit 21 compares the 
phases of the two input window signals and outputs the 
result to an LPF (low pass filter) 23. The LPF 23 
extracts a low frequency component of the input signal 
and outputs the same to a voltage controlled oscillator 
24. The voltage controlled oscillator 24 generates a 
clock for controlling the OFDM modulation circuit 2 from 
the input signal and provides the same to the units of 
the OFDM modulation circuit 2 . 

The clock output from the voltage controlled 
oscillator 24 is also supplied to the frequency division 
circuit 22 where it is divided in frequency. The 
frequency division ratio of the frequency division 
circuit 22 is set according to the carrier interval of 
the OFDM signal, that is, the number of points of IFFT 
and the guard interval length. The clock divided in 
frequency by the frequency division circuit 22 is 
supplied as a window signal to the IFFT unit 13 and, at 
the same time, fed back to the phase comparison unit 21. 
In this way, the PLL circuit 4 generates a clock and 
window signal synchronous to the window signal serving as 
a reference . 

The window signal generated by the PLL circuit 4 is 



- 13 - 



also input -bo a phase comparison unit: 31 of a PLL circuit: 
5 . The PLL circuit 5 compares the phases of the window 
signal output from a frequency division circuit 32 and 
the input window signal from the PLL circuit 4 by the 
5 phase comparison unit 31 in the same way as the PLL 

circuit 4, extracts the low frequency component from the 
result by an LPF 33 , and generates a clock by a voltage 
controlled oscillator 34 . The clock generated by the PLL 
circuit 5 is supplied to the frequency conversion circuit 
10 3. 

The transmitter 1 mentioned above satisfies the 
following four conditions for adjacent OFDM signals 
(between channels) . 

[Condition 1] The carrier intervals are equal 
15 (effective symbol duration are equal) . 

[Condition 2] The symbol lengths (guard interval 
lengths) are equal. 

[Condition 3] The IFFT window phases are equal. 
[Condition 4] The interval between the carrier at an 
20 end portion of the OFDM signal and the carrier of the 

adjacent OFDM signal nearest that is a whole multiple of 
the carrier interval in each OFDM signal . 

By satisfying all of these four- conditions, since at 
least adjacent OFDM signals satisfy the orthogonal 
25 condition, it becomes possible on a receiver side to 



eliminate any influence from a signal adjacent to the 
desired signal and obtain only the desired signal even if 
no guard interval is provided. Below, the reason for that 
will be explained. 

An explanation will be made of an output of a FFT 
(fast Fourier transform) at the time of OFDM demodulation 
by a correct window phase at the receiver side by 
referring to FIGS. 4A to 4D. First , on the transmission 
side, an I FFT operation (OFDM modulation) is applied to 
the signal as shown in FIG. 4A, and OFDM symbols #1, #2, 
... as shown in FIG. 4B are generated and transmitted to 
the receiver side . The carriers in symbols of the OFDM 
symbols obtained by the IFFT operation are orthogonal to 
each other. For this reason, no interference of the 
carriers in the OFDM symbols occurs. 

The receiver side applies an FFT operation (OFDM 
demodulation) to the transmitted OFDM symbols as shown in 
FIG. 4B by using the FFT window phase (window coincident 
with the effective symbol duration) having an adequate 
phase as shown in FIG. 4C and obtains a signal similar to 
the transmitted signal (FIG. 4A) as shown in FIG. 4D . In 
this way, when demodulating by the correct FFT window 
phase, carriers are orthogonal, so the phases and 
frequencies of the carriers are correctly detected. 

However , as shown in FIGS . 5A to 5D , if demodulating 



using an FFT window phase having an incorrect phase, the 
carriers are mixed with each other, so the correct signal 
cannot be detected. Namely, where the FFT window phase 
crosses over two OFDM symbols as shown in FIG. 5C, the 
carrier component of each symbol will flow into the 
carrier component of the other symbol, in other words, 
the orthogonal condition is no longer satisfied, so an 
erroneous signal different from the transmitted signal 
(FIG. 5A) is detected as shown in FIG. 5D . 

Due to the above, the FFT window phases must be 
equal. Therefore, at the transmission side, the condition 
3 that the IFFT window phases be equal is derived. 
However , even if the window phases are equal , if the 
transmission symbol duration have different lengths 
depending on the symbols, the signal of an adjacent 
symbol will flow into the signal of the desired symbol . 
Accordingly, it is necessary to make the transmission 
symbol duration equal. Therefore, the condition 1 that 
the intervals between effective symbols be equal and the 
condition 2 that the guard interval lengths be equal are 
derived . 

When adjacent OFDM signals are transmitted while 
arranged close, the reception side uses a sharp filter to 
remove the signals adjacent to the desired signal. 
However, the adjacent signals leak in due to the filter, 
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so the correct signal cannot be obtained. Namely, the 
signal obtained by filtering the reception signal as 
shown in FIG. 6A, extracting the desired signal, and 
applying an FFT to that extracted signal is affected by 
5 the adjacent signal as shown in FIG. 6B, so is not 
correctly demodulated. 

The demodulated signal is affected by the signal 
failed to be eliminated by the filter leaking into the 
desired signal in this way when the leaked signal and the 

10 desired signal are not orthogonal. There is no influence 
exerted upon the desired signal when the leaked signal 
and the desired signal are orthogonal. Accordingly, if 
the adjacent signal and the desired signal are made 
orthogonal , it becomes possible to correctly detect the 

15 desired signal free from the influence of the adjacent 
signal. As the condition for the adjacent signal and 
desired signal being orthogonal, the condition 4 that the 
carrier interval of the nearest carriers become a whole 
multiple of each OFDM signal carrier interval is derived. 

20 As shown in FIG. 7, in an N-channel OFDM signal and 

an adjacent N+l channel OFDM signal, by satisfying all of 
the condition 1 that the effective symbol lengths thereof 
be equal , the condition 2 that the guard lengths be 
equal, the condition 3 that the I FFT window phases be 

25 equal, and the condition 4 that the carrier interval 
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between channels become a whole multiple of the carrier 
interval in a channel, it becomes possible to detect the 
signal of the desired channel free from influence from 
the signals of the adjacent channel even if no guard band 
is provided between the channel N and the channel N+l . 

In the transmitter 1 shown in FIG. 2, the PLL 
circuit 4 operates so as to satisfy the conditions 1 
through 3, and the PLL circuit 5 operates so as to 
satisfy the condition 4. Namely, by generating the window 
signal and clock of IFFT to be used by the IFFT unit 13 
synchronous to the reference window signal input to the 
phase comparison unit 21 of the PLL circuit 4, the 
conditions 1 through 3 are satisfied. Further, the IFFT 
window signal (corresponding to the interval of carriers 
in the OFDM signal) to be supplied to the IFFT operation 
unit 13 is supplied as a reference signal to the PLL 
circuit 5 for generating the carrier (RF signal) to be 
supplied to the frequency conversion circuit 3 , so it 
becomes possible to generate the OFDM signal of the RF 
signal band while correctly keeping the OFDM carrier 
interval with the adjacent channel, that is, satisfy the 
condition 4 . 

FIG. 8 is a block diagram of another configuration 
of the transmitter 1. The configuration of the 
transmitter 1 shown in FIG. 8 is one in which the PLL 
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circuit 4 of the transmitter 1 shown in FIG. 2 is 
replaced by an OFDM demodulation circuit 41. The OFDM 
demodulation circuit 41 receives as input an OFDM signal 
serving as the reference and demodulates the OFDM signal 
5 to generate the window signal and clock. The transmitter 
1 performs OFDM modulation by using the generated window 
signal and clock. By generating a new window signal and 
clock based on the input OFDM signal, the above 
conditions 1 through 3 are satisfied. Further, the 

10 carrier interval of signals to be transmitted is 

controlled based on the generated window signal , so also 
the condition 4 is satisfied. 

FIG. 9 is a block diagram of still another 
configuration of the transmitter I. In the configuration 

15 of the transmitter 1 shown in FIG. 9, the window signal 
and clock generated by the PLL circuit 4 of the 
transmitter 1 shown in FIG. 2 are supplied from a not 
illustrated other device . The OFDM modulation circuit 2 
performs the IFFT operation by using the supplied window 

20 signal. Further, the OFDM modulation device 2 is 

controlled by the supplied clock. Then, the clock for 
controlling the frequency conversion circuit 3 is 
generated from the supplied window signal by the PLL 
circuit 5 . By setting the window signal and clock 

25 supplied so as to satisfy the conditions 1 through 3, the 
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conditions 1 through 3 are satisfied. Further, the 
carrier interval of signals transmitted is controlled 
based on the supplied window signal, so also the 
condition 4 is satisfied. 
5 In this way, in the transmitting apparatus to which 

the present invention is applied, it becomes possible to 
transmit a signal enabling the desired signal to be 
detected free from the influence of an adjacent signal 
even if no guard band is provided, in other words, where 

10 the adjacent signals are orthogonal to each other. 

In the present specification, the provision medium 
for providing the user with a computer program for 
executing the processing includes, other than information 
storage media such as a magnetic disc and a CD-ROM, the 

15 medium of transmission over a network such as the 
Internet or a digital satellite. 

CAPABILITY OF UTILIZATION IN INDUSTRY 
As described above, according to the transmitting 
apparatus disclosed in claim 1 , the transmission method 

20 disclosed in claim 2, and the provision medium disclosed 
in claim 3, since the first clock and the second window 
signal are generated from the input first window signal, 
the OFDM signal is modulated in accordance with 
information by using the first clock and the second 

25 window signal, and the second clock for controlling the 
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transmission interval of OFDM signals so that the carrier 
interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of the 
carriers adjacent to each other in the OFDM signal is 
5 generated from the second window signal , it becomes 
possible to obtain the desired signal free from the 
influence of an adjacent signal even if no guard band is 
provided . 

According to the transmitting apparatus disclosed in 

10 claim 4, the transmission method disclosed in claim 5, 

and the provision medium disclosed in claim 6 , since the 
window signal and the first clock are generated by 
demodulating the input OFDM signal, the OFDM signal is 
modulated in accordance with information by using the 

15 generated window signal and first clock, and the second 
clock for controlling the transmission interval of OFDM 
signals so that the carrier interval between one OFDM 
signal and an adjacent OFDM signal becomes a whole 
multiple of the interval of the carriers adjacent to each 

20 other in the OFDM signal is generated from the generated 
window signal , it becomes possible to obtain the desired 
signal free from the influence of an adjacent signal even 
if no guard band is provided. 

According to the transmitting apparatus disclosed in 

25 claim 7, the transmission method disclosed in claim 8, 



- 21 - 



and the provision medium disclosed in claim 9, since the 
OFDM signal is modulated in accordance with information 
by using the input window signal and first clock and the 
second clock for controlling the transmission interval of 
5 OFDM signals so that the carrier interval between one 

OFDM signal and an adjacent OFDM signal becomes a whole 
multiple of the interval of the carriers adjacent to each 
other in the OFDM signal is generated from the input 
window signal, it becomes possible to obtain the desired 
10 signal free from the influence of an adjacent signal even 
if no guard band is provided. 
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CLAIMS 

1 . A transmitting apparatus for OFDM modulating 
and transmitting predetermined information, said 
transmitting apparatus characterized by including 

5 an inputting means for inputting a first window 

signal serving as a reference, 

a first generating means for generating a first 
clock and a second window signal from the first window 
signal input by the inputting means , 
10 a modulating means for modulating an OFDM 

signal in accordance with the information by using the 
first clock and the second window signal, and 

a second generating means for generating, from 
the second window signal , a second clock for controlling 
15 a transmission interval of OFDM signals so that a carrier 
interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

2 . A transmission method for OFDM modulating and 
20 transmitting predetermined information, said transmission 

method characterized by including 

an input step of inputting a first window 
signal serving as a reference, 

a first generation step of generating a first 
25 clock and a second window signal from the first window 
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signal input at the input step, 

a modulation step of modulating an OFDM signal 
in accordance with information by using the first clock 
and the second window signal, and 

a second generation step of generating, from 
the second window signal, a second clock for controlling 
a transmission interval of OFDM signals so that a carrier 
interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

3 . A provision medium characterized in that it 
provides , to a transmitting apparatus for OFDM modulating 
and transmitting predetermined information, a computer 
readable program for making it run processing including 

an input step of inputting a first window 
signal serving as a reference, 

a first generation step of generating a first 
clock and a second window signal from the first window 
signal input at the input step, 

a modulation step of modulating an OFDM signal 
in accordance with information by using the first clock 
and the second window signal, and 

a second generation step of generating, from 
the second window signal, a second clock for controlling 
a transmission interval of OFDM signals so that a carrier 
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interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

4 . A transmitting apparatus for OFDM modulating 
and transmitting predetermined information, said 
transmitting apparatus characterized by including 

an inputting means for inputting an OFDM signal 
serving as the reference, 

a first generating means for generating a 
window signal and a first clock by demodulating the OFDM 
signal input by the inputting means, 

a modulating means for modulating an OFDM 
signal in accordance with information by using the window 
signal and first clock generated by the first generating 
means , and 

a second generating means for generating, from 
the window signal generated by the first generating 
means , a second clock for controlling a transmission 
interval of OFDM signals generated by the modulating 
means so that a carrier interval between one OFDM signal 
and an adjacent OFDM signal becomes a whole multiple of 
the interval of carriers adjacent to each other in the 
OFDM signal . 

5. A transmission method for OFDM modulating and 
transmitting predetermined information, said transmission 



method characterized by including 

an input step of inputting an OFDM signal 
serving as a reference, 

a first generation step of generating a window 
signal and a first clock by demodulating the OFDM signal 
input at the input step, 

a modulation step of modulating an OFDM signal 
in accordance with information by using the window signal 
and first clock generated at the first generation step, 
and 

a second generation step of generating, from 
the window signal generated at the first generation step, 
a second clock for controlling a transmission interval of 
OFDM signals generated at the modulation step so that a 
carrier interval between one OFDM signal and an adjacent 
OFDM signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

6. A provision medium characterized in that it 
provides, to a transmitting apparatus for OFDM modulating 
and transmitting predetermined information, a computer 
readable program for making it run processing including 

an input step of inputting an OFDM signal 
serving as a reference, 

a first generation step of generating a window 
signal and a first clock by demodulating the OFDM signal 
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input at the input step, 

a modulation step of modulating an OFDM signal 
in accordance with information by using the window signal 
and first clock generated at the first generation step, 
5 and 

a second generation step of generating, from 
the window signal generated at the first generation step, 
a second clock for controlling a transmission interval of 
OFDM signals generated at the modulation step so that a 
10 carrier interval between one OFDM signal and an adjacent 
OFDM signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

7 . A transmitting apparatus for OFDM modulating 
and transmitting predetermined information, said 
15 transmitting apparatus characterized by including 

an inputting means for inputting a window 
signal and a first clock serving as a reference, 

a modulating means for modulating an OFDM 
signal in accordance with information by using the window 
20 signal and first clock input by the inputting means, and 
a generating means for generating, from the 
window signal input by the inputting means, a second 
clock for controlling a transmission interval of OFDM 
signals generated by the modulating means so that a 
25 carrier interval between one OFDM signal and an adjacent 
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OFDM signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

8. A transmission method for OFDM modulating and 
transmitting predetermined information, said transmission 

5 method characterized by including 

an input step of inputting a window signal and 
first clock serving as a reference, 

a modulation step of modulating an OFDM signal 
in accordance with information by using the window signal 
10 and first clock input at the input step, and 

a generation step of generating, from the 
window signal input at the input step, a second clock for 
controlling a transmission interval of OFDM signals 
generated by the modulating means so that a carrier 
15 interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 

9 . A provision medium characterized in that it 
provides, to a transmitting apparatus for OFDM modulating 

20 and transmitting predetermined information, a computer 
readable program for making it run processing including 

an input step of inputting a window signal and 
first clock serving as a reference, 

a modulation step of modulating an OFDM signal 
25 in accordance with information by using the window signal 
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and first clock input at the input step, and 

a generation step of generating, from the 
window signal input at the input step, a second clock for 
controlling a transmission interval of OFDM signals 
generated by the modulating means so that a carrier 
interval between one OFDM signal and an adjacent OFDM 
signal becomes a whole multiple of the interval of 
carriers adjacent to each other in the OFDM signal. 
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knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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00034892 



Japanese Language Declaration 



450100-02400 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
M.ti*tim*m&t.Z>^m:ft^ &-o*m$mf&telrk the followin g ^mty{s) and/or agent(s) to prosecute this application 
<n±X<om&&Mm-Z>tclto\£, IE££*lft»9§#iLT, Tf3©# md tcaasact d business in the Patent and Trademark Office 
WL±RXf/-§iiti5.#m±&<8:4ti-tZ> ls (ftig&V!g3®#f-^r|g|fe-f-5 connected therewith (list name and registration number) 

2 WILLIAM S. FROMMER, Registration No. 25.506 and 
— — — DENNIS M. SMID. Registration No. 34.930 

Send Correspondence to: 

WILLIAM S. FROMMER. Esq. 

c /o FROMMER LAWRENCE & HAUG LLP 

745 Fifth Avenue 

New York. New York 10151 



Direct Telephone Calls to: (212)588-0800 

To the attention of: WILLIAM S. FROMMER 



Full name of sole or first inventor 



aft 



inventor's signature Aj fj^. 


Date / 


Rejjfdence ^ 




Kanaeawa. JaDan CT t^ yc 




Citizenship 




Japan 




Post Office Address: 




Sony Corporation 
7-35 Kitashinagawa 6-Chome 
Shinagawa-Ku, Tokyo 141, Japan 


full name of second joint inventor, if any 




Tamotsu IKEDA 




Second Inventor's signature 


Date 


Residence 




Tokyo. Japan ZTP?C 




Citizenship 




Japan 




Post Office Address 




Sony Corporation 
7-35 Kitashinagawa 6-Chome 
Shinagawa-Ku, Tokyo 141, Japan 



(Supply similar information and signature for third and subsequent 
joint inventors) 
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C3^ 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this application 
and transact al business in the Patent and Trademark Office 
connected therewith (list name and registration number) 

WILLIAM S. FROMMER, Registration No. 25,506 and 

DENNIS M. SMID. Registration No. 34.930 

Send Correspondence to: 

WILLIAM S. FROMMER, Esq. 

c/o FROMMER LAWRENCE & HAUG LLP 

745 Fifth Avenue 

New York, New York 10151 



Direct Telephone Calls to: (212) 588-0800 

To the attention of: WILLIAM S. FROMMER 



Full name of third joint inventor, if any 




Takahiro OKADA 




Third inventor's signature 


Date 




/Weaker >2\ , <?eo 


Residence 




Saitama. Japan lH~ F*^- 




Citizenship 




Japan 





Post Office Address: 



Sony Corporation 
7-35 Kitashinagawa 6-Chome 
Shinagawa-Ku, Tokyo 14 1, Japan 



Full name of fourth joint inventor, if any 



Fourth Inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address: 



(Supply similar information and signature for fifth and subsequent 
joint inventors) 
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United States Patent & Trademark Office 

Office of Initial Patent Examination ~ Scanning Division 




Application deficiencies found during scanning: 

3 IrWs) of .DrawirvflS 

for Scanning. {Document title) 



□ Page(s) of were not present 

for Scanning. (Document title) 



were not present 



□ Scanned copy is best available. 



